In posterior approaches to VB lesions, there have been several modifications with regard to the extent of resection of posterior structures (facet, rib head, and paraspinal muscles). [5] [6] [7] However, the optimal location of the anterior graft (lateral or central) following a unilateral or bilateral posterior approach (involving facetectomy, pediculectomy, and corpectomy) was not a point of discussion. Even though surgery is considered palliative and the goal is improvement in the patient's quality of life, the enormous advances in radiation and chemotherapy have made it possible for some patients with metastatic bone tumors to survive up to 3045 days following diagnosis. 17 This period is long enough to experience postsurgical reconstruction failures; hence, more concerns should be focused on achieving a sound and durable reconstruction. In our study the pain, neurological (functional), and mechanical (radiological) outcomes of PTA reconstruction Anterior construct location following vertebral body metastasis reconstruction through a posterolateral transpedicular approach: does it matter?
were evaluated with respect to the location of the anterior graft (lateral or central) and the selected approach (unilateral or bilateral). This was undertaken to investigate the optimal location of the anterior graft in terms of sound and durable reconstruction and whether a more extensive approach (bilateral approach or additional costotransversectomy or aggressive vertebral disc curettage) is warranted to achieve a superior outcome through placing the anterior graft in a specific location.
Methods
Forty-five cases involving patients with spine metastases and epidural cord compression were retrospectively reviewed. All of the patients were treated by circumferential decompression and fusion using PTA between March 2001 and September 2009. The group included 26 male and 20 female patients; their mean age at surgery was 53 years (median 57 years, range 17-79 years). All patients included in this study showed 3-column involvement with tumor extension into the epidural space, requiring combined anterior and posterior (circumferential) decompression and fusion. All tumors were high-grade, metastatic malignancies. Patients were followed up until they were either deceased or lost to follow-up (mean 13 months, median 8 months, range 2-81 months; Table 1 ).
All 45 patients suffered back pain at initial presentation, with 38 (84%) showing associated neurological deficit. Pain assessment was based on a VAS (score range 0-10), in which 0-4 represents mild pain; 5-6, moderate pain; and 7-10, severe pain, as described by Serlin et al. 22 Three patients had mild pain, 4 had moderate pain, and 38 had severe pain. Neurological impairment was evaluated using the ASIA Impairment Scale (Table 2) . Thirty patients (67%) presented with myelopathy, radiculopathy, or cauda equina syndrome, with ASIA Impairment Scale grades ranging from A to D, while 8 (53%) of 15 patients whose condition was classified as ASIA Grade E (normal motor and sensory function) suffered from radicular pain. Seven patients (16%) with ASIA Grade E had no neurological symptoms at presentation.
Preoperative radiographic evaluation included MR imaging and plain radiographs in all patients, as well as CT scans in selected patients. No patient had a preoperative myelogram. All patients had 3-column disease with more than 50% VB involvement. Thirty-three patients (73%) had single-level VB involvement, while 12 (27%) had involvement of 2 or more VBs at adjacent levels. No patient had an associated paraspinal mass. In all cases, MR imaging demonstrated epidural tumor. The degree of ESCC was assessed on a scale from 0 to 3, based on axial T2-weighted MR images, by the degree of SSO and ESCC as described by Wang et al. 29 The ESCC grades are defined as: 0, no SSO or ESCC; 1, partial SSO without ESCC; 2, partial SSO and ESCC; and 3, complete SSO and ESCC. An ESCC grade of 2 represents high-grade ESCC, and a grade of 3 correlates with a complete block on myelography. Seven patients (15.6%) had Grade 1 compression, 21 (46.7%) Grade 2, and 17 (37.8%) Grade 3. Eleven patients (24%) received preoperative radiation therapy, 27 (60%) received postoperative radiation therapy, and 7 (16%) patients did not receive either pre-or postoperative radiation therapy (Table 1) . Twelve patients with known vascular tumors (9 with RCC, 2 with thyroid carcinoma, and 1 patient with hepatocellular carcinoma) underwent preoperative embolization 48 hours prior to surgical intervention.
All patients underwent a circumferential tumor decompression and reconstruction using the single-stage PTA as previously described by Bilsky et al. 4 The approach was bilateral (involving bilateral facet joint resection) in 27% of cases and unilateral (involving unilateral facet joint resection) in 73%, according to epidural involvement. Anterior column reconstruction was established through PMMA alone in 3 patients (7%), PMMA and Steinmann pins in 3 (7%), PMMA enclosed in a precisely fashioned chest tube in 3 (7%), a PMMA-filled titanium cage in 33 (73%), and autologous bone graft-filled cage in 3 (7%) patients. The anterior graft was lateral (in 69% of cases), central (in 24%), or bilateral (in 7%) in location ( Fig. 1; Table 3 ). A pedicle screw-rod system, including lateral mass screws, was used to achieve segmental posterior fixation in all patients. In some cases, all pedicles within the spanned levels were fixated and, in other cases, some pedicles were skipped. Screw density in posterior fixation is given as the number of screws used divided by the number of spanned pedicles.
Early postoperative plain radiographs were used to establish the baseline location and position of the anterior graft and posterior segmental fixation. Follow-up radiographs obtained at 3-month intervals were used to assess the integrity of the circumferential reconstruction. The kyphotic angle was measured on plain radiographs as the angle between the superior endplate of the VB proximal to the corpectomy and the inferior endplate of the VB distal to the corpectomy. It was checked on the immediate postoperative radiographs and on those obtained at the last follow-up.
We assessed the mechanical outcome of the anterior construct, in which the construct was considered unstable if collapse of the operated level or construct displacement occurred at any time throughout the follow-up period, as observed on plain radiographs (by U.C.), or if occurrence or aggravation of pain developed on axial spinal loads (sitting or standing) with or without an orthosis. Location of the anterior construct, as judged on plain radiographs or CT scans by consensus of the 2 authors, was related to the mechanical outcome, in an attempt to reach a conclusion about its optimum location. In addition to the location of the anterior graft, the number of decompressed levels (single vs multiple), the screw density in posterior fixation, the type of anterior graft, the approach (uni-vs bilateral), and the kyphotic angle change from immediate postoperative radiographs to last follow-up were analyzed with respect to their possible effect on mechanical outcome.
Functional outcome was evaluated through calculating and comparing the pre-and postoperative pain (VAS) scores and neurological impairment (ASIA) grades. Functional outcomes were analyzed with respect to the location of the anterior graft (lateral or central) and the selected approach (uni-or bilateral).
The Pearson chi-square test was used to assess the relationship between the functional and mechanical out- comes and the location of the anterior column construct placed through a uni-or bilateral approach. A p value < 0.05 was considered significant, and a p value < 0.01 was considered highly significant.
Results

Mechanical Outcome
Gross-total resection of epidural disease was achieved in all cases. The inserted anterior implant was bilateral in 3 cases (7%), unilateral with a central location in 11 cases (24%), and unilateral with a lateral location in 31 cases (69%). Among the 33 (73%) cases in which a unilateral approach was used, 28 (62%) had a lateral location of the anterior graft and a central location was noted in 5 (11%). Twelve cases (27%) were approached bilaterally; in 3 (7%) of these cases the anterior graft was lateral, in 6 (13%) it was central, and in 3 (7%) it was bilateral (Table 4) .
With respect to the mechanical outcome of anterior column reconstruction, 7 (15%) of the anterior constructs were considered unstable. Four (14%) of 28 laterally placed anterior grafts placed through a unilateral approach were unstable on postoperative follow-up. Among 5 centrally placed constructs that were placed using a unilateral approach, 2 (40%) did not retain their stability. However, the difference between laterally and centrally placed grafts placed through a unilateral approach was not statistically significant (p = 0.65). Among the bilaterally approached cases, the construct retained its stability in all cases with bilateral (3 cases) and central (6 cases) constructs, and in 2 (67%) of 3 cases with lateral constructs. No statistically significant difference could be identified between those 3 groups with respect to construct stability (p = 0.71, 0.74, and 1). There was no significant relationship between choice of approach (uni-or bilateral) and stability in central construct cases (p = 0.58), lateral construct cases (p = 0.79), or the overall group (all cases, not stratified by construct location; p = 0.82) ( Tables 3 and 4) .
The relationship between anterior construct stability and type of anterior graft was not statistically significant (p = 0.63). There was also no statistically significant difference with respect to construct stability between cases in which a cage was used and those in which no cage was used (p = 0.53). There was, however, a statistically significant relationship between anterior construct stability and the number of decompressed levels. There was only 1 unstable construct in the group of 33 patients who underwent single-level decompression, but there were 6 unstable constructs in the group of 12 patients who underwent multilevel decompression (p = 0.0001). Screw density was adopted as a means of evaluating the strength of the posterior construct. The mean value of the screw density was 73% ± 10% in patients with stable constructs and 66% ± 11% in those with unstable constructs (nonsignificant; p = 0.15). Likewise, the change in kyphotic angle was not significantly different in these 2 groups (1.2° ± 1.9° in patients with stable constructs and 3.9° ± 3.6° in those with unstable ones; p = 0.1).
Functional Outcome
Based on VAS score, pain improvement was noted in 39 (87%) of 45 cases when measured after the 1st postoperative month. The remaining 6 patients (13%) reported same-grade pain, although 4 (9%) of these 6 patients showed slight improvement within the same grade (severe in 3 cases and mild in 1). No patient experienced recurrent back pain or loss of posterior fixation. All 5 patients with central constructs placed through a unilateral approach reported improvement in postoperative pain, whereas 4 (14%) of the 28 patients who had lateral constructs placed through a unilateral approach did not experience significant improvement (their pain remained at the preoperative grade). This difference, however, was not statistically significant (p = 0.82) ( Table 5) . Among the 30 patients (66%) with preoperative neurological impairment and ASIA Grades A-D, 23 patients (77%) showed improvement of 1 or more grades, while 6 patients (20%) retained their preoperative grade and 1 (3%) experienced worsening by 1 grade following collapse of the operated level postoperatively (Case 1). The 8 patients (18%) whose condition was classified as ASIA Grade E and who experienced preoperative radicular pain became symptom free following surgery. The remaining 7 (16%) patients whose condition was classified as ASIA Grade E were neurologically intact at presentation and remained symptom free until their final follow-up visit. There was no significant difference (p > 0.05) between any of the anterior construct locations in either approach with respect to neurological outcome as assessed by ASIA grade (Table 6 ).
Discussion
Regarding the operative approaches used for metastatic VB tumors with epidural tumor extension, 4, [10] [11] [12] 16, 18, 19, 25, 27, 29 the single-stage PTA is favored over the isolated anterior transcavitary or retroperitoneal approach in patients with 3-column disease, circumferential epidural tumor, or multilevel involvement, and in those who are poor candidates for an anterior approach because of poor pulmonary function, previous surgery or radiation, or coexisting medical illness. Likewise, the PTA is associated with lower morbidity and mortality rates than combined anterior and posterior approaches. 2, 4, 25, 29 Advances in radiotherapy and chemotherapy have made it possible for patients with metastatic bone tumors to survive long enough to experience reconstruction failures; 17, 21 therefore, more concern should be directed toward achieving a sound and durable reconstruction. In this study, we focused on identifying the optimal location of the anterior column construct in terms of sound and durable reconstruction and determining whether a more extensive approach (a bilateral approach or additional costotransversectomy or aggressive vertebral disc curettage) is warranted in order to achieve a superior outcome by inserting the anterior construct in a specific location. Toward these ends we evaluated the pain, neurological, and mechanical outcomes following PTA reconstruction with respect to location of the anterior construct (lateral or central) and the selected approach (uni-or bilateral).
We considered anterior construct instability to be present in cases with graft migration, dislodgement, and pain provocation or aggravation on spinal loading. Other authors 20 have assessed radiological stability of anterior spinal reconstruction by measuring construct height and kyphotic angle between the superior endplate of the VB proximal to the corpectomy and the inferior endplate of the VB distal to the corpectomy. In the present study, we checked cage migration and dislodgement instead of construct height because construct height could not be normalized for magnification. In the analysis of construct stability, such findings as screw backout, dislodgement of graft or plate, or graft sinking are considered evidence of construct instability and fusion failure. 24 Axial spinal pain, which is aggravated by spinal loading posture and relieved by recumbence, can be considered to be associated with a structural abnormality in the spinal column. 4, 9 For the evaluation of stability of posterior constructs (pedicle screw-rod systems), we used screw density and kyphotic angle change. One of the advantages of PTA is the ability to correct preoperative kyphotic deformity with a strong construct. 30 In our cases, corrected kyphotic deformity was maintained to the last follow-up in both the group of patients with stable constructs and the group with unstable constructs. The lack of difference between these groups implies that the similar degree of strength was provided by the posterior construct in both; it is likely that the posterior construct might help overcome somewhat suboptimal placement of the anterior graft. The mean posterior fixation screw density in our study population was 72.1% (73% in the stable construct group and 66% in the unstable construct group). When the number of levels spanned in posterior fixation increases, the screw density also increases and the construct becomes the stronger. In cases of fixation extending 2 levels above and 2 levels below 2-level corpectomy, the screw density is 66%, and if the construct extends 3 levels above and 3 levels below the corpectomy, the screw density is 75%. We believe that the suitable screw density for posterior stabilization is more than 70%; in our study, the screw density was slightly lower in the unstable construct group than in the stable construct group, but the difference was not statistically significant (p = 0.15). As judged on postoperative radiographs, 85% of patients (28 of 33) who were treated with a unilateral approach showed a laterally located anterior construct; even though, more than 50% of the VB was resected in all of our cases. The older age of our patients (median 57 years) and of patients with metastatic spine tumors in general usually prohibits central and anterior construct insertion owing to the calcified intervertebral discs. The lateral implant location may not be satisfactory, especially since patients are expected to live longer following advances in radiation and chemotherapy. 17, 21 Seven (15%) of 45 constructs were considered unstable. However, instability was not significantly related (p > 0.05) to the location of the anterior graft or the kind of approach used. Therefore, extensive approaches (for example, costotransversectomy, a bilateral approach in unilateral disease, or extended curettage and drilling of the calcified anterior intervertebral disc) for central or bilateral construct placement, seems to be unnecessary and entails a risk of injuring important nearby structure and increasing blood loss and operative time, thus increasing patients' morbidity and mortality rates. Our results demonstrated that anterior construct stability is not affected by whether facet resection is uni-or bilateral. Moreover, there was no significant relation (p > 0.05) between the type of construct used and the resultant stability, with a PMMA-filled mesh cage used in 5 cases, a PMMA-filled chest tube in 1 case, and PMMA with Steinmann pins in 1 case (Table 3) . A mesh cage filled with autologous bone or PMMA is currently the most popular substitute, and it has proved to be a sound reconstruction alternative after thoracic and lumbar corpectomy. 20 The only significant factor affecting anterior construct stability was the number of decompression levels. Out of 33 single-level decompression cases, only 1 case of instability was noted. However, of ten 2-level decompression cases, 5 were unstable (p = 0.0002). The fact that multilevel corpectomy can often result in unstable spinal constructs and requires supplementary posterior fixation has been frequently reported in cervical cases. 24 The results of our study suggest that longer posterior fixation should be considered in 2-level VB resection cases.
Pain associated with spine metastasis can be mechanical, radicular, or tumor (biological) related. 4, 29 Pain selfassessment (VAS) at 4 weeks postoperatively revealed improvement in 96% of our patients (43 of 45), even if only slight improvement within the same grade. However, 2 patients (4%) had unaltered pain scores: 1 with a lateral construct placed through a unilateral approach and 1 with central construct placed through a bilateral approach. No patient reported worsened pain in the postoperative VAS evaluation. Our results were similar to those reported in previous PTA studies. 4, 25, 29 Only 4 patients with lateral constructs placed through a unilateral approach and 2 patients with central constructs placed through a bilateral approach retained their preoperative pain grade, with slight or no improvement in pain. Accordingly, there was no significant relationship between pain outcome and the anterior construct location placed through either a uni-or bilateral approach.
The ASIA grading system has previously been used to assess the neurological outcome following circumferential decompression and reconstruction using PTA. 4, 25, 29 With the exception of 1 patient whose ASIA grade worsened 1 grade (from Grade D to Grade C) postoperatively, our results are comparable to those of Street et al. 25 but not to those of Bilsky et al. 4 and Wang et al., 29 who found that patients with significant preoperative deficits (Grade B or C) did not improve. There was no significant relationship between the neurological (ASIA) outcome and the anterior construct location or type of approach (uni-or bilateral). However, improvement of the postoperative ASIA score is primarily related to comprehensive decompression of the epidural tumor and not to the type or location of anterior graft, given sound anterior and posterior reconstruction. In our only case characterized by postoperative worsening of ASIA grade (Case 1), the increased impairment was due to collapse of the anterior reconstruction. Our results also point out that VB tumors with unilateral posterior element involvement can be satisfactorily managed through a unilateral approach without the need for an extensive bilateral approach.
The stability of anterior constructs following PTA decompression can be influenced by many other factors, including bone mineral density, pedicle screw diameter and length, surface area of the anterior construct, and disruption of vertebral endplates during surgery. These factors were not analyzed in this study because the necessary data were not available. However, the fact that all surgeries were performed by 1 surgeon (U.C.) carries the advantage of analogous decompression and reconstruction details. This can be expected to reduce the influence of such details on mechanical outcome.
Conclusions
The PTA is a safe and reliable approach for addressing metastatic tumors of the thoracic and lumbar spine with 3-column involvement and epidural tumor extension, substituting for combined anterior and posterior approaches. Neither the location of the anterior construct (whether lateral or central) nor the selection of a unilateral or bilateral approach showed a significant relationship to final mechanical (stability), pain (VAS), or neurological (ASIA grade) outcome. Consequently, extensive curettage of the calcified anterior intervertebral disc in older patients or additional costotransversectomy to place the anterior graft in a central location can be deemed unnecessary. These extensive approaches may not provide a superior outcome.
